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@ Method and device for measuring moisture content 

® A device for measuring the moisture content of 
an absorbent material, for example the paper insula- 
tion in an electrical transformer, uses a back scat- 
tered radiation technique to determine the absorption 
of light at specific wavelengths. A ratio of the back 
scattered radiation at different wavelengths can be 
compared against known values corresponding to a 
specific moisture content. An optical waveguide such 
as a bifurcated optical fibre is provided with a probe 
end optically coupled to a source end and a detec- 
tion end. for transmitting light to the absorbent ma- 
terial and transmitting back scattered radiation to a 
detector. 
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Field of the Invention 

. This invention relates to a method and device 
for measuring moisture content of an absorbent 
material which is not easily accessible for measure- 
ments. In particular, this invention relates to a 
method and device for measuring the moisture 
content of paper insulation used in electrical trans- 
formers filled with mineral oil or synthetic fluids. 



Background of the Invention 



High voltage transformers contain paper insu- 
lated conductors immersed in an oil-filled tank. 
During the manufacturing process, the moisture 
• content of the paper insulation is reduced to less 
than 0.5 percent. However, as a transformer ages, 
the moisture content of the paper may gradually 
increase as moisture slowly diffuses from the at- 
mosphere into the oil. and then Into the paper 
insulation. Excessive moisture content in paper in- 
sulation quickly deteriorates its insulating ability, 
reducing the electrical resistance of the insulation 
and promoting local heating and surface tracking 
under operating electrical stress. 

Moreover, under thermal stress as experienced 
either during normal operation or during emergen- 
cy overloading of a transformer, excess water mol- 
ecules may be converted into free gas bubbles, 
which under electrical stress will produce partial 
discharges that gradually degrade the oil-paper in- 
sulation. Free water molecules are generated when 
the paper insulation degrades, resulting in a vicious 
cycle: an increase in the moisture content of the 
paper above about 2 percent caih lead to additional 
local overheating, gassing, increased partial dis- 
charge activity, more water generation, and even- 
tually run away loss In the integrity of the insulation 
system resulting in a premature failure of the 
equipment. 

During manufacturing, a dissipation factor at 60 
Hz of the overall insulation system, either between 
the primary and secondary windings of the trans- 
former or between a winding and the tank, is used 
to determine the "dryness" of insulation. For trans- 
formers in service, the moisture content in the 
paper insulation is estimated through measurement 
of the water content of the transformer oil. How- 
ever, in both cases the moisture content of the 
paper insulation cannot be known exactly. Until the 
present invention there were no practical methods 
available for direct on-site measurement of mois- 
ture content of the paper insulation in transformers. 

The present invention provides a method and 
device for directly measuring the moisture content 
of paper insulation in electrical transformers. The 
invention can be used to control "dryness" of the 
paper insulation in the manufacturing process, re- 



sulting in a better product. Furthermore, use of the 
subject invention can reduce maintenance costs 
through prevention of unnecessary treatment of 
transformer insulation, can improve the reliability of 
5 power transfomners. and can permit full use of the 
normal capacity and emergency overloading capa- 
bility of transformers without excessive aging. The 
method and device of the subject invention can be 
used to directly measure the moisture content of 
10 any absorbent material, the paper insulation in a 
transformer being an illustrative example. 

The present invention utilizes an infrared ab- 
sorption technique to measure moisture content. A 
water molecule has many absorption bands in the 
75 infrared region of the electromagnetic spectrum 
Absorption in any of these bands can be used to 
determine the moisture content in a sample. For 
example, water exhibits almost no absorption of 
radiation at 1.81 um and pronounced absorption at 
20 1.92 um. The moisture content In a sample can 
therefore be measured using a back scattered radi- 
ation technique, i.e. by taking the ratio of the back 
scattered radiation at these two wavelengths to 
provide a direct measurement of the moisture con- 
25 tent of the paper insulation. 

In the present invention, an optical waveguide 
such as an optical fibre bundle is used to transmit 
radiation to and from the paper insulation. The end 
of the optical fibre is maintained close to. but not in 
30 contact with, the paper insulation, which prevents 
excessive absorption of the radiation by oil. This 
permits the moisture content to be determined 
directly in the paper insulation, on-site and without 
draining the transformer oil. Furthermore, by keep- 
35 ing the optical fibre bundle totally free of metal, the 
method and device of the present invention can be 
used in equipment on line. i.e. equipment ener- 
gized to a high electric voltage, without- any in- 
terruption in service. 

This method of measuring moisture is most 
suitable and beneficial for absorbent materials that 
are not easily accessible. Also the method is non- 
destructive, in that no piece or sample is taken out 
of the absorbent material. 

45 

Summary of the Invention 

The present invention provides a device for 
measuring moisture content of an absorbent ma- 

50 terial, comprising an optical waveguide having a 
probe end optically coupled to source and detec- 
tion ends, a source of electromagnetic radiation 
optically coupled to the source end of the optical 
waveguide, and means for measuring the flux of 

55 selected wavelengths optically coupled to the de- 
tection end of the optical waveguide, including a 
detector for measuring and means for displaying, 
recording or conveying a measurement of the flux 
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of electromagnetic radiation emitted from the de- 
tection end of the waveguide at the selected 
wavelengths. 

The present invention further provides a meth- 
od of measuring the moisture content of an absor- 
bent material utilizing an optical waveguide having 
a probe end optically coupled to a source end and 
a detection end, comprising the steps of locating 
the probe end close to the material, transmitting 
electromagnetic radiation from the source end to 
the probe end and from the probe end to the 
detector end, detecting and measuring the flux 
values of at least two selected frequencies of elec- 
tromagnetic radiation emitted from the detection 
end, and computing or calculating a ratio of the 
measured flux values and comparing the ratio to a 
pre-ascertained ratio corresponding to a known 
moisture content. 

The present Invention further provides a meth- 
od of measuring the moisture content of absorbent 
material immersed in oil or synthetic fluid in elec- 
trical equipment, utilizing an optical waveguide hav- 
ing a probe end optically coupled to a source end 
and a detection end, comprising the steps of locat- 
ing the probe end close to the absorbent material, 
transmitting electromagnetic radiation from the 
source end to the probe end and from the probe 
end to the detector end, detecting and measuring 
the flux values of at least two selected frequencies 
of electromagnetic radiation emitted from the de- 
tection end, and computing or calculating a ratio of 
the measured flux values and comparing the ratio 
to a pre-ascertained ratio corresponding to a known 
moisture content. 

Brief Description of the Drawings 

In drawings which illustrate by way of example 
only a preferred embodiment of the subject inven- 
tion. • 

Figure 1 is a diagrammatic representation of the 
device embodying the subject invention;. 
Rgure 2 is a perspective view of the preferred 
form of optical waveguide; 
Rgure 3 is an elevation of the optical chopper 
disc; and 

Figure 4 is a chart illustrating representative 
levels of absorption of infrared radiation for se- 
lected percentages of moisture content. 

Detailed Description of the Invention 

The device for measuring moisture content is 
illustrated in Figure 1 . The invention will be de- 
scribed using the example of paper insulation in a 
transformer model 10. 

A transformer 10 consists of a transformer coil 
12 Immersed in oil contained in a gastight tank 14 



having an insulating top 16. The transformer coil 12 
is wrapped in insulating paper 13. 

An optical waveguide 20, preferably a bifur- 
cated, non-metallic optical fibre bundle, comprises 
5 a probe end 22 optically coupled to both a source 
end 24 and a detection end 26. As illustrated in 
Figure 2, the probe end 22 is provided with a 
spacer 23 to maintain the probe end 22 close to. 
but not In contact with, the paper insulation 13 of 
10 the coil 12. For proper functioning of the method 
and device, the optical fibres must be practically 
free of residual moisture. 

The source end 24 is optically coupled to an 
infrared radiation source '28, and the detection end 
75 26 is optically coupled to an optical chopper 30 
which intercepts radiation falling on an infrared 
detector 31. The detector 31 is electrically con- 
nected to a display device 40, such as a digital 
oscilloscope, for displaying a measurement of the 
20 flux of infrared radiation emitted from the detection 
end 26 of the waveguide 20. Preferably the detec- 
tor 31 is also coupled to means for computing and 
recording . the ratio of flux at two selected 
wavelengths, such as a computer 42 or other data 
25 acquisition device. 

The optical chopper 30 is provided with optical 
filters 36. 38 for filtering light of different 
wavelengths, the wavelengths being selected to 
provide a discernable contrast in the flux detected 
30 by the detector in presence of high moisture con- 
tent. The filters are located on a chopper disc 32 
driven by a motor 34, 

For example, it can be seen from Rgure 4 that 
water molecules absorb almost no electromagnetic 
. 35 radiation at a wavelength of 1 .81 um, but absorp- 
tion is pronounced at a wavelength of 1.92 um. 
Thus, in a preferred embodiment the filters 36. 38 
are selected at 1 .81 um and 1 .92 um, respectively. 
The method of using the device of the subject 
40 invention will now be described. The probe end 22 
of the optical fibre 20 is immersed in the tank 14, 
and the spacer 23 is positioned in contact with the 
insulating paper 13 of the transformer coil 12. The 
light source 28, which includes wavelengths in the 
45 infrared portion of the electromagnetic spectrum, is 
activated, thereby transmitting light into the source 
end 24 of the optical fibre 20. Light travels through 
the optical fibre 20 to the probe end 22 where It is 
emitted and strikes the insulating paper 13. The 
50 light is reflected, i.e. "back scattered", and re- 
enters the probe end 22, propagating along the 
optical fibre 20 until it is emitted from the detection 
end 26 where it is filtered by the optical chopper 
30. 

55 The detector 31 detects alternately, at intervals 

set by the speed of the chopper motor 34, the flux 
of back scattered light at the filtered v/avelengths, 
and displays a measurement of the respective flux 
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values on the oscilloscope 40. This information is 
conveyed to computing and/or recording means 
such as a data acquisition computer 42, to com- 
pute and record the ratio of the flux values. The 
computer then uses the computed ratio to correlate 
with known values for moisture content correspond- 
ing to that ratio. 

It will be apparent that the device embodying 
the subject invention is portable, and can be used 
in the field to measure the moisture content of 
paper insulation 13 with minimunri disassembly of 
the transformer 10. It will further be appreciated 
that so long as the optical waveguide 20 is com- 
pletely metal free, service personnel taking the 
proper precautions can measure the moisture con- 
tent of the paper insulation 13 without de-energiz- 
ing the transformer 10, and thus without any in- 
terruption In electrical service to the affected re- 
gion. 

It will also be apparent that computing the ratio 
of flux values by computer 42, although preferred, 
is unnecessary. A real time measurement of mois- 
ture content can be obtained through mental or 
manual calculation of the ratio of flux values dis- 
played on the oscilloscope 40, and comparison 
against a table or chart of known values will pro- 
vide the corresponding moisture content. 

The manner of displaying, conveying and re- 
cording the flux values of back scattered radiation 
is entirely conventional. Moreover, certain modifica- 
tions and adaptations as will be obvious to those 
skilled in the art may be made to the present 
invention without departing from the scope thereof, 
as set out In the appended claims. 

Claims 

1. A device for measuring moisture content of an 
absorbent material, comprising 

an optical waveguide having a probe end 
optically coupled to source and detection ends, 

a source of electromagnetic radiation opti- 
cally coupled to the source end of the optical 
waveguide, and 

means for measuring the flux of selected 
wavelengths optically coupled to the detection 
end of the optical waveguide, including a de- 
tector for measuring and means for displaying, 
recording or conveying a measurement of the 
flux of electromagnetic radiation emitted from 
the detection end of the waveguide at the 
selected wavelengths, 

2. The device claimed in claim 1 wherein the 
optical waveguide comprises a bifurcated op- 
tical fibre: 
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3. The device claimed in claim 1 wherein the 
probe end of the optical waveguide is provided 
with a spacer. 

5 4. The device claimed in claim 1 wherein the 
detector comprises a photoconductive sensor. 

5. The device claimed in claim 4 wherein the 
means for measuring flux comprises an optical 

70 chopper provided with at least two filters of 

differing wavelengths. 

6. The device claimed in claim 1 including a data 
acquisition computer for recording flux values 

75 measured by the detector. 

7. A method of measuring the moisture content of 
an absorbent material utilizing an optical 
waveguide having a probe end optically coup- 

20 led to a source end and a detection end, 

comprising the steps of 

locating the probe end close to the ma- 
terial, 

transmitting electromagnetic radiation from 
25 the source end to the probe end and from the 

probe end to the detector end, 

detecting and measuring the flux values of 
at least two selected frequencies of electro- 
magnetic radiation emitted from the detection 
30 end, and 

computing or calculating a ratio of the 
measured flux values and comparing the ratio 
to a pre-ascertained ratio corresponding to a 
known moisture content. 

35 

8. The method claimed in claim 7 wherein the 
optical waveguide comprises a bifurcated op- 
tical fibre. 

40 9. The method claimed in claim 7 wherein the 
probe end of the optical waveguide includes a 
spacer for contacting the material. 

10. The method claimed in claim 7 wherein the 
45 selected wavelengths are in the infrared region 

of the electromagnetic spectrum. 

11. The method claimed in claim 10 wherein the 
selected wavelengths are 1.81 urn and 1.92 

50 nm. 

12. The method claimed in claim 10 wherein the 
selected wavelengths are at or close to other 
absorption wavelengths of water. 

55 

13. The method claimed in claim 7 including al- 
ternately filtering electromagnetic radiafion 
emitted from the detection end of the optical 
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waveguide to supply the detector alternately 
with electromagnetic radiation of the selected 
wavelengths. 

14. A method of measuring the moisture content of 5 
absorbent material immersed in oil or synthetic 
fluid in electrical equipment, utilizing an optical 
waveguide having a probe end optically coup- 
led to a source end and a detection end. 
comprising the steps of w 

locating the probe end close to the absor- 
bent material, 

transmitting electromagnetic radiation from 
the source end to the probe end and from the 
probe end to the detector end. 75 

detecting and measuring the fiux values of 
at least two selected frequencies of electro- 
magnetic radiation emitted from the detection 
end. and 

computing or calculating a ratio of the 20 
measured flux values and comparing the ratio 
to a pre-ascertained ratio corresponding to a 
known moisture content. 

15. The method claimed in claim 14 in which the 25 
probe end is located close to the absorbent 
material without altering or disturbing the ab- 
sorbent material. 

16. The method claimed in claim 14 in which the 3o 
optical waveguide comprises non-metallic op- 
tical fibre bundles. 

17. The method claimed in claim 14 in which the 
absorbent material is not easily accessible. 35 
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